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(57) ABSTRACT

The present invention discloses a method and a device for
axial separation by the imnner surface of a permanent magnetic

arched groove, comprising: adsorbing materials to be
selected that axially flow through the mnner surface field
strength and the gradient area of a rotating separation drum
(2) by using the energy on the inner surface of a permanent
magnetic arched groove (1); wherein materials with lower
specific susceptibility pass through a selected material chan-
nel (13) and tlow out of a low magnetic material outlet (9);
materials with higher specific susceptibility are adsorbed on
the rotating separation drum (2) and fall into a high magnetic
material groove (7) under the action of 1ts gravity; and mate-
rials with higher specific susceptibility flow through a high
magnetic material outlet (8) and then are collected; thereby
various materials with different specific susceptibilities can
be separated.
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METHOD AND DEVICE FOR AXIAL
SEPARATION BY THE INNER SURFACE OF A
PERMANENT MAGNETIC ARCHED
GROOVE

FIELD OF THE INVENTION

The present invention relates to the technical field of envi-
ronment protection devices, and 1n particular, to a method and
a device for separation-drum axial separation by using the
energy on the inner surface of a permanent magnetic arched
groove.

BACKGROUND

For a conventional permanent magnetic separator or sepa-
rating system, permanent magnetic materials are generally
inserted 1n the outer surface of a drum or roller, and sub-
stances with different specific susceptibilities are separated
by using the energy generated on the outer surface thereof.

There are two feeding modes for the conventional perma-
nent magnetic separator or separating system, 1.¢., feeding on
the outer surface of a permanent magnetic drum and feeding,
under the outer surface of a permanent magnetic drum. In the
mode of feeding on the outer surface of a permanent magnetic
drum, materials to be selected can directly contact the mag-
netic outer surface of the drum, the residence time on the
magnetic outer surface of the drum 1s short, the adsorptive
capacity 1s large, and the separation effect 1s poor, thus in such
a mode, the yield may be increased, but the separation etlect
will be poor; 1n the mode of feeding under the outer surface of
a permanent magnetic drum, there 1s a certain gap between
the materials to be selected and the magnetic outer surface,
the separation efiect 1s good, but the yield 1s low, and greater
object product will be run off.

In the traditional separation of materials to be selected, the
stripping oif of a high magnetic material 1s realized by a
scraper or brush roller, or a magnetic material 1s partially
inserted 1n the permanent magnetic drum or roller, and when
the drum or roller rotates to an area without magnetic mate-
rials, the high magnetic maternial 1s flushed with water and
falls into a high magnetic material groove or silo; for a con-
ventional separator or separating system, the included angle
between the whole system and the plane 1s nonadjustable, and
its capacity for treating the materials to be selected 1s poor and
the residence time of the materials to be selected on the
permanent magnetic drum or roller 1s short; the surface field
strength and gradient of the conventional permanent mag-
netic separator or separating system 1s a fixed value, thus the
range of materials to be selected by a conventional permanent
magnetic separator or separating system and the capacity of
the conventional permanent magnetic separator or separating,
system 1s very limited.

SUMMARY

It 1s an object of the present invention to develop a device
for physically separating metals, nonmetals or various sub-
stances with different specific susceptibilities by using the
energy on the inner surface of a permanent magnetic arched
groove, the principle of which lies 1n a method and a device
for axial separation by the inner surface of a permanent mag-
netic arched groove, which can accomplish an effective sepa-
ration by using the difference between the specific suscepti-
bilities of substances.

The method for axial separation by the inner surface of a
permanent magnetic arched groove according to the present
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invention comprises: adsorbing materials to be selected that
axially flow through the mner surface field strength and the
gradient area ol a rotating separation drum 2 by using the
energy on the inner surface of a fixed permanent magnetic
arched groove 1. Under the action of gravity, materials with
lower specific susceptibility axially pass through a selected
material channel 13 including the separation drum 2 and the
outer surface of an arched groove of a field strength gradient
regulating mechanism 5, and flow out of a low magnetic
material outlet 9; and under the action of the inner surface
field strength and the gradient of the permanent magnetic
arched groove 1, materials with higher specific susceptibility
are adsorbed on the rotating separation drum 2; and because
of the open ring in the upper part of the permanent magnetic
arched groove 1, the materials with higher specific suscepti-
bility adsorbed on the separation drum 2 directly fall into a
high magnetic material groove 7 under the action of its grav-
ity, pass through a high magnetic material outlet 8 and then
are collected, so that various materials with different specific
susceptibilities can be separated.

The device for axial separation by the mnner surface of a
permanent magnetic arched groove according to the present
invention comprises: a bracket 0 and a separation drum
assembly; wherein a permanent magnetic arched groove 1 of
a permanent magnetic arched groove assembly 1s mounted
outside the separation drum 2 of the separation drum assem-
bly, and the permanent magnetic arched groove 1 1s concen-
tric with the separation drum 2; and because of the open ring
in the upper part of the permanent magnetic arched groove 1,
the materials with higher specific susceptibility adsorbed on
the separation drum 2 fall into a high magnetic material
groove 7 under the action of 1ts gravity.

The permanent magnetic arched groove assembly com-
prises: a permanent magnetic arched groove 1 and a perma-
nent magnetic arched groove support 10. The permanent
magnetic arched groove 1 and the permanent magnetic arched
groove support 10 are welded integrally or connected via a
bolt, and the permanent magnetic arched groove support 10 1s
mounted and fixed on the bracket 0.

The separation drum assembly comprises: a separation
drum 2, a separation drum support 11, a separation drum
rotation regulating mechanism 3, a cleaning roller 12, a high
magnetic material groove 7 and a field strength gradient regu-
lating mechanism 5; wherein the two ends of the separation
drum 2 are connected with roller wheels of the separation
drum support 11 that are mounted on the bracket 0; the clean-
ing roller 12, the high magnetic material groove 7 and the field
strength gradient regulating mechanism 3 are mounted mnside
the separation drum 2, the mutual support members on the
two ends of the cleaning roller 12, the high magnetic material
groove 7 and the field strength gradient regulating mechanism
5 are connected with the bracket 0, and the support member
51 of the field strength gradient regulating mechanism 5 1s
regulable; the selected material 1nlet silo 6 1s connected with
the bracket 0, the separation drum rotation regulating mecha-
nism 3 1s mounted on the bracket 0; a toothed wheel 1n the
separation drum rotation regulating mechanism 3 1s engaged
with a toothed ring on the separation drum 2, or a friction
wheel 1n the separation drum rotation regulating mechanism
3 1s 1n Iniction combination with the outer surface of the
separation drum.

The value of the field strength and the gradient area of the
permanent magnetic arched groove 1 may be designed
according to actual demands, and the angle between 1ts field
strength and gradient area 1s between 10° to 350°.
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The cleaning roller 12 may rotate together with the sepa-
ration drum 2, or it may be driven to rotate by an electric
motor.

An mclination angle 0 regulating mechanism 4 1s mounted
on the bracket 0, and the inclination angle 0 regulating
mechanism 4 makes the included angle 0 between the plane
and the whole device or the combination of the permanent
magnetic arched groove 1 and the separation drum 2 regu-
lable, with a range of approximately 0° to approximately 90°.
The inclination angle 0 regulating mechanism 4 may be a
screw-thread elevating mechanism or a mechanism with
other forms.

The field strength gradient regulating mechanism 5 com-
prises: an arched groove ABC and a support member 51 on the
two ends of the arched groove; wherein the arched groove 1s
consisted of a magnetic conductive material, and the thick-
ness ol the magnetic conductive material 1s greater than 0.5
mm and 1s smaller than the diameter of the separation drum 2.

The high magnetic material groove 7 1s connected with the
high magnetic material outlet 8, and the low magnetic mate-
rial outlet 9 1s fixed on the bracket 0.

A selected material channel 13 1s formed by the inner
surface of the separation drum 2 and the outer surface of an
arched groove of the field strength gradient regulating mecha-
nism 3.

The separation drum 2 1s an integral concentric cylinder,
which 1s concentric with the permanent magnetic arched
groove 1.

By using the energy on the inner surface of the permanent
magnetic arched groove 1, materials to be selected tlow 1n and
flow out from the mnner surface of the separation drum 2.
There 1s no gap between the matenals to be selected and the
surface of the separation drum 2, the contact time of the
materials to be selected with the field strength and gradient of
the inner surface of the separation drum 2 1s increased, and the
separation eifect will be good. Because the materials to be
selected flow 1n and flow out axially on the inner surface of the
separation drum 2, as orthogonal to the radial magnetic field
of the permanent magnetic arched groove 1, the matenals to
be selected contact with the field strength and the gradient
arca for N times, thus miss selection may be avoided, yield
and recovery rate may be increased, and the separation effect
may be improved.

By using the open ring part (an area without field strength
and gradient) on the upper part of the permanent magnetic
arched groove 1, high magnetic materials 1n the materials to
be selected are automatically stripped off and fall into the
high magnetic material groove 7, wherein the gravity of the
material 1tself 1s used and no other auxiliary devices are
needed to strip the matenials to be selected oif the field
strength and the gradient area, which 1s easy and convenient.

The inclination angle 0 regulating mechanism 4 makes the
included angle between the plane and the whole device or the
combination of the permanent magnetic arched groove 1 and
the separation drum 2 variable and adjustable. The 0 1nclina-
tion angle may be adjusted according to the specific suscep-
tibility of the maternials to be selected, the treating capacity
and the residence time of the materials to be selected on the
inner surface of the separation drum 2 may be increased or
decreased, thus the separation quality may be controlled.

The support member 51 on the two ends of the field
strength gradient regulating mechanism 5 1s connected with
the bracket 0. The field strength and the gradient applied to the
surface of the materials to be selected may be changed by
adjusting the distance between the mechanism and the inner
surface of the separation drum 2, thus the present device may
adjust the field strength and gradient applicable for the sepa-
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4

ration of the materials to be selected according to the specific
susceptibility of the materials to be selected. Theretfore, the
object of precisely separating the materials to be selected may
be attained, the separation range and separation precision of
the materials to be selected may be increased greatly, and the
application range of the separation device may be enlarged.

The advantages of the method and the device for axial
separation by the inner surface of a permanent magnetic
arched groove according to the present invention lies 1n that:
as compared with the current conventional permanent mag-
netic separation, the yield and recovery rate of the object
product may be increased greatly (especially for the separa-
tion of some substances with lower specific susceptibility);
the separation range of the materials to be selected may be
enlarged, the content of valuable substances in the tailings
and the offscum and the separation run oif of the valuable
substance may be reduced, thus energy conservation and
discharge reduction may be attained in deed; and because the
materials to be selected tlow through the mner surface of the
separation drum, the gap with the magnetic surface 1s small,
and the magnetic energy will be fully utilized; the permanent
magnetic arched groove assembly 1s fixed on the bracket 0,
and no driving mechanism 1s needed; because of the open ring
design on the upper part of the permanent magnetic arched
groove 1, the matenals with higher specific susceptibility
adsorbed on the separation drum 2 fall into a high magnetic
material groove 7 under the action of its gravity; the open ring
design of the permanent magnetic arched groove 1 saves the
permanent magnetic material; the value of the field strength
and the gradient area of the permanent magnetic arched
groove 1 may be designed according to actual demands, and
the angle between its field strength and gradient area 1s
between 10° to 350°; the open ring design of the permanent
magnetic arched groove 1 may maximize the utilization of the
field strength and the gradient area; no eccentric design 1s
needed by the separation drum 2, and the manufacturing and
mounting process will be simple; the separation range of the
materials to be selected 1s large, and various substances such
as metals, nonmetals and salts with high and low specific
susceptibilities can be separated; the inner surface field
strength and gradient in the magnetic region of the permanent
magnetic arched groove 1 according to the present invention
are radially distributed, and the materials to be selected flow
axially, thus no miss selection occurs, the yield 1s high, and
the separation effect 1s good; the overall inclination angle 0 of
the present device 1s regulable, and the throughput and the
residence time of the materials to be selected may be changed
by adjusting the angle 0; the field strength and the gradient
may be changed to meet the requirements of the materials to
be selected by adjusting the field strength gradient regulating
mechanism 5 according to the requirements on the specific
susceptibility of the materials to be selected; the structure of
such a permanent magnetic arched groove may be applied to

a range of materials to be selected on which permanent mag-
netic round drum cannot be used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structural representation of a device for axial
separation by the imner surface of a permanent magnetic
arched groove; and

FIG. 2 1s a lateral view of a device for axial separation by
the inner surface of a permanent magnetic arched groove.
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DETAILED DESCRIPTION OF TH
EMBODIMENTS

(L]

Embodiment 1

A method for axial separation by the inner surface of a
permanent magnetic arched groove, comprising: choosing
the offscum discharged after electrolyzing manganese car-
bonate to obtain manganese metal, as the maternals to be
selected. The average content of manganese in the manganese
carbonate offscum 1s approximately 6.47%, and the average
granularity 1s approximately —40 mesh, which occupies about
90%. The specific susceptibility of manganese carbonate 1s
about 100 to about 600x10~° cm”/g, and the field strength and
the gradient 1s preferably adjusted to a value that can adsorb
materials with such a specific susceptibility. The offscum 1s
mixed with water to form a tlowable paste, the flowable paste
1s fed from the selected material inlet 6, flows through the
inner surface of the rotating eccentric drum 2 and enters the
selected material channel 13; under the action of the field
strength and the gradient generated by the permanent mag-
netic arched groove 1 and the field strength gradient regulat-
ing mechanism 5, the manganese carbonate in the materials to
be selected are adsorbed on the rotating separation drum 2;
when the separation drum 2 rotates (both clockwise and anti-
clockwise rotation can be employed) to the upper end open
ring of the permanent magnetic arched groove 1, and under
the action of gravity, the manganese carbonate 1n the materi-
als to be selected automatically falls into the high magnetic
maternal groove 7, and then 1t flows out via the high magnetic
material outlet 8; the cleaning roller 12 performs rotational
cleaning on the 1inner surface of the separation drum 2, which
guarantees a clean and convenient adsorption of the materials
to be selected 1n the next cycle. The residual materials with
lower specific susceptibility flow to the low magnetic mate-
rial outlet 9 via the selected material channel 13, where they
are discharged. The content of the manganese carbonate-
grade manganese collected by the method and the separation
device according to this embodiment 1s as high as approxi-
mately 27%, which 1s approximately 10 percentage points
higher than the 17% content of mine-grade manganese, and
the average content of manganese in the secondary offscum 1s
less than approximately 1%.

Embodiment 2

As shownin FIG. 1 and FIG. 2, adevice for axial separation
by the 1nner surface of a permanent magnetic arched groove
comprises: a bracket 0 and a separation drum assembly;
wherein a permanent magnetic arched groove 1 of a perma-
nent magnetic arched groove assembly 1s mounted outside a
separation drum 2 of the separation drum assembly, and the
permanent magnetic arched groove 1 1s concentric with the
separation drum 2; because of the open ring 1n the upper part
of the permanent magnetic arched groove 1, the materials
with higher specific susceptibility adsorbed on the separation
drum 2 fall into a high magnetic material groove 7 under the
action of 1ts gravity.

The permanent magnetic arched groove assembly com-
prises: a permanent magnetic arched groove 1 and a perma-
nent magnetic arched groove support 10. The permanent
magnetic arched groove 1 and the permanent magnetic arched
groove support 10 are welded integrally or connected via a
bolt, and the permanent magnetic arched groove support 10 1s
mounted and fixed on the bracket 0.

The separation drum assembly comprises: a separation
drum 2, a separation drum support 11, a separation drum
rotation regulating mechanism 3, a cleaning roller 12, a high
magnetic material groove 7 and a field strength gradient regu-
lating mechanism 3; wherein the separation drum 2 are con-
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6

nected with roller wheels of the separation drum support 11 of
which the two ends are mounted on the bracket 0; the cleaning
roller 12, the high magnetic material groove 7 and the field
strength gradient regulating mechanism 5 are mounted inside
the separation drum 2; the mutual support members on the
two ends of the cleaning roller 12, the high magnetic material
groove 7 and the field strength gradient regulating mechanism
5 are connected with the bracket 0, and the support member
51 of the field strength gradient regulating mechanism 5 1s
regulable; the selected material 1nlet silo 6 1s connected with
the bracket 0, the separation drum rotation regulating mecha-
nism 3 1s mounted on the bracket 0; a toothed wheel 1n the
separation drum rotation regulating mechanism 3 1s engaged
with a toothed ring on the separation drum 2, or a friction
wheel 1n the separation drum rotation regulating mechanism
3 1s 1n Iriction combination with the outer surface of the
separation drum 2.

An inclination angle 0 regulating mechanism 4 1s mounted
on the bracket 0, and the inclination angle 0 regulating
mechanism 4 makes the included angle 0 between the plane
and the whole device or the combination of the permanent
magnetic arched groove 1 and the separation drum 2 regu-
lable, with a range of 0° to 90°. The inclination angle ©
regulating mechanism 4 may be a screw-thread elevating
mechanism or a mechanism with other forms.

The field strength gradient regulating mechanism S com-
prises: an arched groove ABC and a support member 51 on the
two ends of the arched groove; wherein the arched groove 1s
consisted of a magnetic conductive material, and the thick-
ness ol the magnetic conductive material 1s greater than 0.5
mm and 1s smaller than the diameter of the separation drum 2.

The high magnetic material groove 7 1s connected with the
high magnetic material outlet 8, and the low magnetic mate-
rial outlet 9 1s fixed on the bracket 0.

The value of the field strength and the gradient area of the
permanent magnetic arched groove 1 may be designed
according to actual demands, and the angle between the field
strength and the gradient area 1s between approximately 10°
to approximately 350°.

What 1s claimed 1s:
1. A device for axial separation by the inner surface of a
permanent magnetic arched groove, comprising:
a bracket and a separation drum assembly;
wherein the permanent magnetic arched groove of a per-
manent magnetic arched groove assembly 1s mounted
outside a separation drum of the separation drum assem-
bly, and the permanent magnetic arched groove 1s con-
centric with the separation drum;
wherein the separation drum assembly comprises:
the separation drum, a separation drum support, a sepa-
ration drum rotation regulating mechanism, a clean-
ing roller, a high magnetic material groove, and a field
strength gradient regulating mechanism;
wherein the two ends of the separation drum are con-
nected with roller wheels of the separation drum sup-
port that 1s mounted on the bracket;
wherein the cleaning roller, the high magnetic material
groove and the field strength gradient regulating
mechanism are mounted 1nside the separation drum;
wherein a mutual support member of the cleaning roller,
the high magnetic material groove and the field
strength gradient regulating mechanism mounted
inside the separation drum are connected with the
bracket, a support member of the field strength gradi-
ent regulating mechanism 1s regulable, a selected
material inlet silo 1s connected with the bracket, the
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separation drum rotation regulating mechanism 1s
mounted on the bracket; and

a toothed wheel 1n the separation drum rotation regulat-
ing mechanism 1s engaged with a toothed ring on the
separation drum, or a friction wheel in the separation
drum rotation regulating mechanism 1s in friction
combination with the outer surface of the separation
drum:

wherein the field strength and the gradient applied to the
surface of the materials to be selected can be changed
by adjusting the distance between the field strength
gradient regulating mechanism and the inner surface
of the separation drum.

2. The device for axial separation by the inner surface of the
permanent magnetic arched groove according to claim 1,
wherein the permanent magnetic arched groove assembly
COmprises:

the permanent magnetic arched groove and a permanent

magnetic arched groove support;

wherein the permanent magnetic arched groove and the

permanent magnetic arched groove support are welded
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integrally or connected via a bolt, and the permanent
magnetic arched groove support 1s mounted and fixed on
the bracket.

3. The device for axial separation by the inner surface of the
permanent magnetic arched groove according to claim 1,
wherein an inclination angle 0 regulating mechanism 1s
mounted on the bracket, and the inclination angle 0 regulating
mechanism makes an 1included angle 0 between a plane and
the device or a combination of the permanent magnetic
arched groove and the separation drum regulable with a range
of about 0° to about 90°.

4. The device for axial separation by the inner surface of the
permanent magnetic arched groove according to claim 1,
wherein the field strength gradient regulating mechanism
comprises an arched groove, wherein the arched groove 1s
formed of a magnetic conductive material, and the thickness
of the magnetic conductive material 1s greater than about 0.5
mm and 1s smaller than about the diameter of the separation
drum.
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